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23. JOni 



Digit:al Scanning and Photographic Imaging 



X-Ray System 



TECHNZCAX. FIELD 



The invention re£ers to the field of X-ray imaging for 
medical and other purposes. It is based on the subject- 
matter as set forth in the preamble of claim 1. 



BACKGROUND ART 



The invention refers to a state of the art as knovm from 
commercially available medical X-ray systems. Such systems 

10 comprise an X-ray source and cassette holder for photo- 

graphi-c— f i~lras — f or— imagiiig"~parts~of — ^a—patrent's^body—with 

high resolution. Typically a support is provided for hold- 
ing the X-ray source euid the cassette holder in fixed po- 
sitions for photographic X-ray imaging. A major disadvan- 

15 tage of these conventional X-ray systems is the limitation 
of the imaging area by the size of the photographic film 
and the aperture of the X-ray beam. Consequently it is 
impossible to creiate quickly and efficiently a complete 
X-ray image of a patient's body, as is required after 

20 accidents or in other cases of emergency. As well, the 

development time of the X-ray film severely limits the ^ 
usefulness of conventional X-ray systems in cases where 
quick medical decisions are urgently needed. Furthermore a 
dark room and equipment for film development and extended 

25 archives for storage and retrieval of X-ray photographies 

are necessary. 

In the U. S. Pat. No. 4,62 8,356 a digital X-ray scanning 
system for dental X-ray imaging is disclosed. The X-ray 

shadow of teeth is detected with a linear sensing array , 

30 such as a CCD or photodiode linear array, in optical com- 
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munication with a fluorescent screen. The detector may be 
movcible or stationary and the X-ray beam is kept in a 
relatively stationary position. The scsLnning is performed 
by either moving the object or by simultaneously moving 
5 slit aperturesi- in front ofs. andw behindi. the*^ obg'^ct • Obvi- 
ously only small areas may^^be scanned* int such a way and 
the^ system is incapable of produeingr fiiil body images . 

In the EP 0 291 299 a digital X-ray scanning system for 
full body imaging is shown « A scintillator and multi-line 
10 photodetector are scanned synchronously with a moving X- 
ray beam across the stationary patient. A major problem is 
the image resolution which is considerably lower thcui in 
conventional photographic X-raying systems . 



15 It is thie«*?*oB3>eeit2 of^ thle-^ ihyenition to-*prov&de^,an^ imprioved _ 



"XV rayj si^.t.emi^tori^f a^^ : ^asi^high^ ~r eso 

lution X-raigi imfi^gg^gg^ .TKisr^objeet is aqhi\eyed accbrding to 
the inverijft;ipns,. by the^, stibject^^ as set forth in 

claims 1 

20 The invention resides in an X-ray system, steered by a 
control unit, with an X-ray source and a cassette holder 
for photographic films, that are kept by a support in 
fixed positions for conventional x-ray imaging, whereby 
additional means for digital X-ray scanning and, imaging 
25 are provided. By combining a photographic analog X-ray im- 
aging system with a novel digital scanning X-ray system a 
very ver^gatile medical insirument is created. ^ The digital 
sul3isystemi„ seizes* for faafe X-raying,, pacts '^or.trthe totality 
of a human , or anamal. body or other extended obj ect,. Such 
30 X-ray scans^ may bes^ mdnd:tor,ed^an a TV' scre?^,^ and/or may be 
image processea, storea, arcnivedajid retrieved ^lecrronl- 
cally. The photographic subsystem serves for investigating 
in greater detail and with higher resolution specific body 

parts or object details. It is particularly useful for im- 

35 aging bone structures and performing special examinations. 
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such as mammography- Both subsystems are integrated into 
one single apparatus and advantageously utilize the same 
X-ray source. 

In one embodiment the photographic and digital X-ray sub- 
5 system can selectively be activated by the control unit or 
by a sensor or a switch in the cassette holder or by means 
of software. 

In another embodiment an X-ray collimator and a pixel ed X- 
ray detector for digital imaging are scanned in coordina- 
10 tion with the X-ray source over an object area and means 
for digital data acquisition from the pixeled X-ray detec- 
tor are provided. 

In yet other embodiments configurations of the digital 
subsystem are disclosed that allow to minimize the X-ray 
15 exposure- of patients . . 

Further embodiments' refer to the pixeled X-ray detector 

^comprising— a — single-— or— mu-l-ti--l-ine- -array— of^ 

crystals that are coupled to optical detectors, to an A/D 
converter and to a personal computer for serial readout. 

20 Other objects, features and advantages of the present in- 
vention will become apparent from the dependent claims auid 
the description in connection with the drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The description is related to the accompanying drawings^^^ 
25 in which, according to invention. 

Fig. 1 shows a first embodiment of the integrated 

photographic and digital X-ray system. 
Fig. 2 shows a cassette holder with a built-in digi- 

tal scanning detector, 
30 - j^'ig - J shows a secona emDoaiment or tne mtegratea 

photographic and digital X-ray system and 
Fig. 4 shows a conf icfuration optimized for low ra- 

diation exposure during dig ital X-ra y s can- 

ning . 

Dr. MI EP02445 
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In the drawings identical parts are designated by identi- 
cal reference nvuaerals. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention ref er^s to- an^ X-^ray, ss^&tem^l a^i^t exempli if ied 
5 in Fig . 1-4 ^- The **sys%em^l compr^isest an-t X-^ra^s©u>rce 2 with 
an anode 2ar and a cathode 2h (indi*cated schematically) and 
a cassette holder 4 for photographic films, a support for 
holding the X-ray source 2 and the cassette holder 4 in 
fixed positions for photographic X-ray imaging and a con- 
10 trol \mit 2c for steering the X-ray system. According to 
invention additional means 3, 3a, 6, 7, 14, 16, 17 for 
digital X-ray scanning and imaging are provided. In the 
following preferred embodiments are described. 

- - - The X-ray- system yl shall- bei switdh€c^e«?-be^weexai photo- 
15 graphic ^an<i^dig%tal X-ray-«%^ In Eg,r.ticwi:ar^^ m for 

sWitchrng^b^feWe^arp^^t^g^ap^-c-^ ania*Stdi#4^aiJ£ Xlray imaging 

"ana:tS^ean^f^6^ 



vided- , Thu3ai»bofeh*(fcphOfA:T^^ be 
perf 6rmed*f,us*ing ,^the "rsamejlllK4ray^tube^2 . 

2 0 The^ ,^X-Cra^ ss^pfeemull s-biaii^l^ comp^msiiBikf ar^^^X^a^^ coi^l ima tor 3 , 
a pixeled X-ray detector 6, 14, means for coordinately 
moving the X-ray source 2, the X-ray collimator 3 and the 
pixeled X-ray detector S, 14 for scctnning an area 5 and 
mecuis 16 for digital data acquisition from the pixeled X- 

25 ray detector 6, 14. In this digital scanning configuration 
large areas 5 can be sweeped with high precision using a 
~^mall X-ray beam profile. Thereby the radiation exposure 
is kept low. 

PrefersCbJy the ?*X-ray coiL,lim&tor-«3 : has^ra'**'s-^^ ad- 
30 j us table^. width , y for op^ima^L^ly adsSpA^inaiir thfe r^rb^api^, w to 

the:;^^ defeeotpr-^pi^xeJb»si^ THtet^X ja^a^ coiiaSaanaftteoa^^ shall be 

removable or the slit 3a be openable for allowing a broad 
beam during photographic X-ray ijnaging. In particular the 
X-ray collimator 3 or the slit 3a shall be steered by a 

-^5 sensor — indicati.ng t-he -px-esp-nce -of. a photogxAphig fiJLm in 
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the cassette holder 4. By this design, according to inven- 
tion, a rectangular beam profile is provided that can eas- 
ily and efficiently be widened or narrowed for photo- 
graphic or digital imaging. 

5 For the pixeled X-ray detector 6, 14 a single- or multi- 
line X-ray detector 6, 14 with X-ray sensitive elements 
(not shown) may be chosen. In particular the X-ray sensi- 
tive elements comprise scintillator crystals and optical 
detectors, that are connected to at least one A/D con- 

10 verter and to a microcomputer 16 for serial readout. By a 
careful choice of scintillators and detectors a high sen- 
sitivity can be achieved. A single- or multi-linear array 
is clearly superior to full image detectors that require 
enormous parallel computing power for readout. In contrast 

15 the invention takes advantage of a fast serial pixel read- 
out that can be accomplished 'with_coramercially .available . _ . ' 
personal computers. The. serial _ readout is repeated line- 

^^"-^^"^^wf^se—dur irig^th^ — ^^-^ r - 

In further embodiments the single- or multi-line X-ray de- 
20 tector 6, 14 has means for timing control of the single- 
or multi-line X-ray detector 6, 14. The single- or multi- 
line X-ray detector 6, 14 has means for gain and/or offset 
correction of analog signals from each pixel and/ or from 
the whole single- or multi-line X-ray detector 6, 14. With 
25 advantage the single- or multi-line X-ray detector 6, 14 
has a digital signal processor for detector control and 

data acquisition and/or it has a digital memory for data - , . 

acquisition and data storage. 

In Fig. 1, 3 and 4 the support is partially shown. In a 
30 preferred embodiment it comprises a trauisverse bar 9 sus- 
pended movably in vertical direction and rotatably, pref- 
erably by ±90^. The transverse bar 9 carries the X-ray 
source 2, the X-ray collimator 3, the cassette holder 4 
and the single- or multi-line X-ray detector 6, 14. In 
35 particular the X-ray source 2, the X-ray collimator 3, the 
C'SS^^CTr^~KQl-der 4 and~the single- or multi-Orine X-ray de- 
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tector 6, 14 are moveJ^le along the transverse bar 9 and 
are tiltable with respect to the transverse bar 9 . 

In Fig. 1 the ^canning is .,dpne by a vertical swivelling, 
movement 8 essentially . about the X-ray source 2. The 
5 tramsve©sejte bax&. 9 - in^^*- the?^midd9.ie'' pjgs>i^^ (aji*. (straight 

1 ines;)j^ is>^oxid»en'bedv shoiiEipiizontaAY^ l^-3i*depfending.^on 
whe t-her^ * th<^^ pa^&i'en^ 5 ^ i sta* s tsfandd«^ngf4{^iiiiti t^ing«»* or;Rly^ing«r The 
bar 9 may also be oriented under arbitrary angles relative 
to the patient 5. The dashed lines indicate the extreme 

10 positions (b) , (c) of the swivelling movement 8. Owing to 
the bar 9 the detector 6 (with or without cassette holder 
4) and the X-ray collimator 3 travel coordinately on a 
circle segment. This motion might also be achieved using 
separate moxantings for the detector 6 and collimator 3 . 

15 Alternatively the detector 17 may travel along a straight 
line sBgmoTist!^ move- 
ments of .^thJ^iX2i:ay^co>l?l^^^ an^. X-ra^- sQuospe 2 . The 
movem^l^SaSsl^l^lSSD^^ &W$^£:onfymQt 



Fig .v 2 a s&1b>9:si»a4»pi^>&^^^^ 17 in 

20 great erjrd^tai*!^.^' Theaii^s ingle ^ or- mu^l^t-i^linedifcX-ray detector 
14 may**^ be*-^piac.etdi*^ which is 

shown onl$^ in a general simplified manner and is a conven- 
tional holder for X-ray films. The detector 14 may as well 
be placed in front of the X-ray film holder 4, if it can 

25 be moved out of the way during the film exposure. The de- 
tector 14 may be accomodated together with the cassette 
holder 4 in a common housing 10 to form an integrated pho- 
tographic/digital "detector 17. As shown the detectoir" 14""is 
preferably mounted inside the housing 10 on an elongated 

30 carriage:- lltt thax^ is**' perspendd^GUi^ar^^ mov^afeiHSji*^ ai^onig a 
s traigh^* 1 ineii^segmexS1?y:8b of guiding^ rails,^ L2i.- Thte^carriage 
11. comp.!isii^s'^s*la«»rG«t?a\tgafe^^^ piia^^^i*fii3-> tlfasl^ 

™ tor r4 -ahci ■ is""'t±lfed tm?'ar"d's- th^^ X-ray ^Source' 2 ""by a" motoi: 

drive unit 15 in coordination with the up /down-movement 8b 

35 (patient standing /sitting) or backward/ forward-movement 8b 
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(patient lying) of the carriage 11 inside the housing 10 
and/or of the housing 10 itself. 

Fig. 3 shows eui alternative scanning movement where the 
transverse bar 9 shifts the X-ray source 2, X-ray collima- 
5 tor 3, cassette holder 4 and digital detector 6 (or inte- 
grated photographic/digital detector 17) in straight di- 
rection 8b up/down (patient stsuiding/sitting) or back- 
ward/forward (patient lying) . This is most easily accom- 
plished by moving the suspension arrangement of the trans - 
10 verse bar 9 along a straight supporting part (not shown) • 

Fig, 4 shows a configuration for minimizing the X-ray dos- 
age during the digital X-ray scam. In this embodiment the 
single- or multi-line X-ray detector 6 (or 14, not shown) 
is mounted in a position shifted towards aji anode side 2a 

15 of the X-ray source 2 by an angle a7 where" Oo<a<P with 
p=anode angle. Note that the anode 2a is shown in actual 

shap_e__and_orienta.tTio 

ode 2b is only indicated schematically. 

The optimal choice of positioning angle a results from a 

20 trade off between emitted intensity and apparent focal 
spot size F'. The intensity emitted under emode aoigle 
i. e. tangentially to the anode surface, is considerably 
filtered and decreased, mainly owing to the surface rough- 
ness of the anode material. The intensity strongly in- 

25 creases for decreasing positioning coigles a<P and typi- 
cally reaches 90% of its maximal value at a approximately 
equal to p/2. On the other hand the apparent focal size 
equals F ' =F*sin (p-a) /sin (p) with F=actual focal spot size. 
F' is minimal, or ideally zero, for a=P and increases with 

3 0 decreasing positioning angles a<p. Preferably the posi- 
tioning angle shall be chosen around a=P/2 for receiving a 
hiah-intensitv X~ray beam with focal spot size r^.cixin^ri Hy 
a factor 2 . Conventional X-ray tubes 2 have anode target 
angles P between 12® and 16®. Consequently a useful range 

35 of positioning angles is 4®<a<12®, preferred 6®<a<8®, and 
most preferably a=6® when p=12° is assumed. 
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According to another embodiment the X-ray dosage and scat- 
tering radiation during digital X-ray scanning can be fur- 
ther reduced by an adequate choice of the geometrical beam 
parameters, such as apparent focal spot size F', collima- 
5 tor ' s l:i%t, wid^tstor^y ^cindc;:disfean f OGust- 

and defeecS'toi? 6 d2^bet&w.eenirX^rayi5!-coiM%i^ ^3 ^andtedetector 
6 and d3^ be)^ween<^pa:^i>en^"5 .:ax!iid«<dev&e*et^oi?^' 6 ^ TlSl^goa-bs aof , an 
optimal pa'ramefeffer*ch"d'i*ce--are':»- (i"')^ f aEh^beaiiw^widtai^ 
tor site < pixel width (given by scintillator crystal 

10 width) ; (ii) reduce half -shadow zones to diminish radia- 
tion passing by the detector 6; thereby the patient's X- 
ray es^osure is further minimized; (iii) provide suffi- 
cient absolute intensity; and (iv) small patient-detector 
distance da to reduce scattering, from the X-rayed object. 

15 Therefore a slit width y of the order of or smaller than 
the ^sci«n^t?illat2Q'2^ c :,beiii*.ch©sen3L The*..half - 

shadow zoa^s^resjua^fc ^f r^^m spot 
s i ze^^ F gg©m^&rt±.c:amy^ s?Ll t 

2 0 thani one^pisjcei^ s »^;e«ar,ei«ceEi^l ' y and 

the >image i,/^i»s)Sf&npism^i%.Fo±^^ inten- 
sity the«ts*M^tgi!:;w4!d#h«|y*^mus^ Fi^iaiay the 
patient -detector di^stance di shall be short • For a pixel 
size (in particular width of scintillator crystal) of 
25 0.4 mm preferred parameter rguiges are: slit width 
0.2 ram<y<l-5 mm; overall distance 900 mm<di<1300 mm; image 
distance 500 mm<d2<700 mm; and patient-detector distance 
10 mm<d3<200 mm. 

In conclusion a novel integrated photographic cuid digital 

3 0 X-rayingy^ys*temiwls :2di2'sx:^l^e.s^^^ toir^cr.ea^.tea^f ast 

digital f tfll hajtS^Lmm^^"^ "^^"-^^ -body 
imag^si^wi^th 
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- 1. ~-X-ray system "(1) comprising an" X-ray" source (2)' cmd a 
cassette holder (4) for photographic films, a support 
for holding the X-ray source (2) and the cassette 
5 holder (4) in fixed positions for photographic X-ray 

imaging and a control unit (2c) for steering the X-ray 
system, characterized in that additional means (3, 3a, 
6, 14, 16, 17) for digital X-ray scanning and imaging 
are provided. 

10 2. The X-ray system (1) according to claim 1, character- 
ized in that 

a) the X-ray system (1) is switchable between photo- 

- -—graphic" and digital X-ray imaging and 

b) in particular means for swi"tchi15g^ between' "photo- 
,15 , graphi c -_.and_^d igit al_. X-ray im agin g^ cmd^ means,- for 

steering the digital X-ray scanning are provided. 

3. The X-ray system (1) according to one of the claims 
1-2, characterized in that the additional means (3, 3a, 
6, 14, 16, 17) comprise an X-ray collimator (3), a pix- 
20 eled X-ray detector (6, 14), means for coordinately 

moving the X-ray source (2), the collimator (3) and the 
pixeled X-ray detector (6, 14) for scanning an area (5) 
and means (16) for digital data acquisition from the 
pixeled X-ray detector (6, 14) . 

25 4. The X-ray system (1) according to claim 3, character- 
ized in that 

a) the X-ray collimator (3) has a slit (3a) with ad- 
justable width y, 

b) the X-ray collimator (3) is removable or the slit 
30 (3a) is openable for photographic X-ray imaging and 

c) in particular the X-ray collimator (3) or the slit 
(3a) is steered by a sensor indicating the presence 
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of a photographic film in the cassette holder (4) or 
by a switch in the cassette holder (4) . 



5- The X-ray system (1) according to one of the claims 
3-4 i chai^acterized-^in thalsw^ 
5 a)* the«upixea,ed'- X^ray^ defeecfeora.: ( 6 ,t 14 ) is-j^a single- or- 

m\HLti-line*^X^ragi?- de^^eet'or (6v 14)«» wi^tsh* X-ray sensi-- 
tive el«emen»bs and^ 
b) in particular the X-ray sensitive elements comprise 
scintillator carystals and, optical detectors, that 
10 are connected to at least one A/D converter arid to a 

microcomputer (16) for serial readout, 

6. The X-ray system (1) according to one of the claims 
3-5, characterized in that 

a) the single- or multi-line X-ray detector (14) is 

15 pl5^CiB.4 behind-^ the^cassette- holdei^^^^ 

b) ^the^sing^2^e.^v or* rau*Ltic;,line - X^ray^det'fect'pr^ (14) sund 
- tlf^*|rcarst^!e1»slire^^ ( 4')*!* ai^g^abeomigdSfe'i^^ a . common 

hiSusing" (I'OJiI an^v/^ox^r 

c) * th1fe V singi#i-L:^ ofir-miAi&icrMne X'^reiy^ d#t?eieil3fe'r: (14) is 
2 0 m^unted'5 ins id^-> a . housing (10) on an * elrdngiated^ car- 

r i?agigi»( 1 14... t h»t *^d'S.^perp^ndi*x?;U^laq»l^^^ and ,coor - 

dinately til table towards the X-ray source (2) . 

7. The X-ray system (1) according to one of the claims 
3-6, characterized in that 

25 a) the single- or multi-line X-ray detector (6, 14). is 

moxinted in a position shifted towards an anode side 
(2'a) " the X-ray source (2) by an "single" aT where 
0^<a<P with P=anode angle and 
b),. in ?particu^l^ar *4«>^<^^^ prief er<atesl^^;a§i&?^ ^=12? . 

30 8 T The X'^rsty- ^ syst^emi** ( 1) aGClcSrd^i?hg^^ * ones^ ofr^the claims 

ray detector (6, 14) has means for gain and/or offset 
correction of analog signals from each pixel and/or 
from the whole detector (6, 14) . 
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9. The X-ray system (1) according to one of the claims 
3-8, characterized in that 

a) the single- or multi-line X-ray detector (6, 14) has 
-a digital sicfnal processor for -detector control cuid 
5 data acquisition and/or 

-b) the single- or multi-line X-ray detector (6, 14) has _ 
a digital memory for data acquisition and data stor- 
age. 

10. The X-ray system (1) according to one of the claims 
10 3-9, characterized in that 

a) the support comprises a transverse bar (9) suspended 
movably in vertical direction and rotatably, pref- 
erably by ±90**/ 

b) the transverse bar (9) carries the X-ray source (2), 
15 the X-ray collimator (3), the cassette holder (4) 

T*and the single- or multi-line X-ray detector (6, 14) 
._and '.. , _ , „ . ! , 

c) in particular the X-ray source (2), the X-ray colli- 
mator (3), the cassette holder (4) and the single- 

20 or multi-line X-ray detector (6, 14) are movable 

along the transverse bar (9) and are tiltable with 
respect to the transverse bar (9) . 
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ABSTRACT OF THE DISCLOSURE 



An integrated photographic and digital X-raying system (1) 
is disclosed that is useful to create fast digital full 
body images with low dosage and partial body images with 
5 high photographic resolution. The system (1) comprises an 
X-ray source (2) , a cassette holder (4) for analog photo- 
graphic X-ray imaging, a support structure (9) and, ac- 
cording to invention, an X-ray collimator (3) , a single- 
or multiline X-ray scintillation detector (6, 14), scan- 

10 ning means (7, 9, 11, 15) and a personal computer (16) for 
digital serial readout from the detector (6, 14) . The sys- 
tem (1) shall be switchable, preferably automatically, be- 
tween photographic cund digital operation. Preferred con- 
figurations of the digitals subsystem, are _ disclosed that 

15- allow to minimize the -X-ray exposure of patients (5) • 



(Fig. 1) 
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